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First studies on the possibility to put control electronics inside the cryomodules

F. Scuria)

for the ILC/Pisa working group

SMTF Workshop, Oct.5-7, 2005
Items:

• Motivations from a short list of the cryomodule internal components requiring 
read-out/control signals;  

• A schematic description of a possible lay-out for a (full) internal electronics to 
handle all LV control signals of the cryomodule inner components.

• The results on power dissipation, timing performances, and costs after a quick 
search on the net for the required  commercial electronic components.

• Some (encouraging) preliminary conclusions and a (may be incomplete) list 
of open problems

• Back-up material for component description.   

a) I.N.F.N.-Pisa : e-mail: fabrizio.scuri@pi.infn.it
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Motivation

• The large number of feed-troughs in the cryomodule is the main source of 
vacuum loss (less critical for cooling efficiency loss)

• No matter the final design will be, each cryomodule will contain several devices
which must be powered, and controlled (or monitored)

• A sizable reduction factor (>> 2) in the number of  feed-troughs would be useful 
and desired.

The basic initial idea: èdesign  

- Low power dissipation
- Small volume
- Low cost
- Sufficiently fast (10-100 MHz)
- Multi-purpose

monitor/control electronics which can be integrated in a single card located just 
inside the external cryostat wall

èUse a single serial data link for outside communication 

Rationalization of the power line distribution is not (yet) considered here.



SMTF Workshop, Oct. 
5-7, 2005

F. Scuri, Preliminary studies for.... 3

SOME REMARKS ON THE 
“EXTERNAL”

“(ALMOST) FULL INTERNAL CONTROL”
CONCEPT S

Assuming each module to contain (minimal assumption):

• ~ 10 cavities, è ~10 pick-up signals

• fast and slow tuners, just 1 piezo and 1 stepping motor
for each cavity, 2 control signals each tuner:

• ~ 10 LV control signals for sensors/actuators on
BPM, QUAD & WPM (Wire Position Monitor) or any other

system for alignment/vibration measurement

• ~ 10 LV monitor signals (Pressure, temp., vacuum,…)

è External control concept requires:

• ~10 ceramic (delicate) feed-troughs for RF cavity pick-ups

• “standard” feed-troughs for ~ 50 LV channels      
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In principle, IF 

• the frequency down-conversion and the A/D conversion of 
pick-ups and the control of all other cryomodule components 
can be made by a LPD inside the module,

• signals can be serial sent out via optical fiber or wireless 

è Internal control concept would require:

• Just 1 ceramic (delicate) feed-trough (M.O. RF)

• A “standard” feed-trough for < 5 LV channels 

• A single serial data link 



SMTF Workshop, Oct. 
5-7, 2005

F. Scuri, Preliminary studies for.... 5

Building-block diagram for control electronics inside a cryomodule
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1) The total power dissipation of the control electronics  internal to the 
cryomodule must be minimized

2) A golden rule: power dissipation increases almost linear with frequency.

3) Latency introduced by additional (w.r.t external control concept) devices 
(serial interface,…) must be also minimized .

4) Evaluate 1) and 3) w.r.t. the fastest control/monitor signals:
• LLRF control ( 1 Msps, Simcom card @ Tesla )a)

• BPM monitor ( 10-100 Msps to achieve good bunch-to- bunch signal 
separation )b)

5) The Vector Sum could be implemented in the internal PLD used for all controls 
and  avoid ~300 ns additional latency for LLRF control;

6) The remaining external FPGA/CPU/DAQ system  can be eventually integrated 
in a commercial device.

a) S.Simrock, Snowmass 05
b) C. Adolphsen, Snowmass 05

ADDITIONAL  REMARKS ON THE 
“(ALMOST) FULL INTERNAL CONTROL”

CONCEPT 
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2) Mixers (1 per cavity):

Ref. Mini-Circuits, low level mixers, 2 to 12,000 MHz
Purely passive, ~50 mW max power dissipation

Unit price <=10 USD, total (~10 units) <= 100 USD

First evaluation of the main characteristics of the main components to be included 
in the internal control card. (after a quick survey of commercial devices on the net…) 

1) Frequency dividers (1 unit in total):

Ref.Analog Device AD9510, Max. input freq. 1.6 GHz, 
8 programmable outputs
Max. Power dissipation: 600 mW
Latency/delays: negligible (< 2 ns) 
Unit price : < 15 USD
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3) Signal converters :

Ref, Dallas Semiconductors,  low power dissipation:
- Max1437 (fast for LLRF, 2 octal units , serial out
- Max1342 (slower, all other controls, <= 3 octal units 

Type   bit    chs Conv. Rate    Data          Max.Power Continuos derated
Min    Max      Latency       dissipat.      power diss.         mW/oC

Msps cycles             mW mW@T=20C

1437 12    8      4         50         6.5               882 ~1500 47.6

1342   12     8a) 0.001   0.3          ?  10 ~  700            26.3

Operating temperature range: - 40  +85  oC
a) 4 additional DAQ chs.  

Assuming to use : Unit price (USD)

- 2 Max1437 units (LLRF, BPM) 49.85
- 3 Max1342 units (all other controls) 10.74

è Max total power dissipation   ~ 7 Watt

è Total cost for converters:     ~ 150 USD
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4) Internal digital processor (LPD):

Ref. Altera MAX-II series (low power dissipation)

Max. power dissipation @ 10 MHz:      ~ 300 mW

Latency : ~ 300-400 ns if Vector Sum is also performed  (Tesla-Simcom experience), 
much less if only a few sequential FP operations are required

( internal clock up to 300 MHz è < 200 ns latency for  a 50 FP operation algorithm…. )

Unit price:<= 50 USD 
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5) Internal Trans-receiver and optical coupler:

Ref. Analog Device XFP chipset (10GBps)

Device Max.Pow.Diss. (mW) Unit price (USD)

ADN2928             750                                 50
ADN2821             150                                 30
ADN2525             750                                 30
ADN2530             300                                 30
ADuC7020           150                                 15

Total                  2100                                155
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Rough preliminary summary of the specs for the 
Internal Control Card 

Device Max. Power Diss.      Latency             Cost
(total) Watt                    ns                   USD

Freq. Divider (1) 0.6 ----- 15

Mixer (10) 0.5 ----- 100

Signal Converters (2+3)             7.0 (6.5/fsamp)a) 150

LPD (1) 0.3                           300 50

TransReceiv./Opt.Coup.(1)        2.1 ----- 150

Ancillary componentsb)      <10.0                            ----- <500

Total ~ 20.0 <= 1µs              ~1000

a)     600-700 ns @ 10 Msps, due to serial out; total latency could be reduced with a 
parallel-out converter and by making serialization in the PLD.

b) IC card, LV filters (capacitors), line drivers, sync. logic (shift  registers, 
buffers  ext. to the LPD….)
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Preliminary conclusions:

• The Internal Control Card is low cost, small volume  (all components can be hosted 
on a  ~ 10x10 cm2 IC card)

• Total power dissipated by the operating card is negligible compared to the total 
Black Body radiation inside the cryomodule.; the irradiation fraction of the power 
locally dissipated (total average density  ~2000 W/m2) is similar to the Black Body  
radiation density on the inner surface of the cryomod. wall (~500 W/m2 @ T = 20 oC)

• Maximum total latency (1 µs) is still compatible with the  timing requirements of  the 
TESLA LLRF control model

• All components for the internal control card can operate down to -40 oC.

è The idea seems not too naïve, further studies are required……

Moreover:

- The internal control should allow more flexibility in extending the number of controls 
that can be done

- No relevant changes in the design and in the HW (costs)  should be required to 
follow upgrades in machine energy
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To do and open problems:

- Experts will review component compatibility for a  more refined design of the card;

- Radiation hardness of the devices must be studied; all  components are 
implemented with CMOS technology…. 

- When module design and cable plant in the module will be more defined the correct 
evaluation of the channel number for LV controls could let vary the estimations 
quoted here, much less than 1 order of magnitude anyway….  

-The presented "concept" of the internal control logic must be carefully reviewed 
for a better evaluation of pro and contra;

- Eventually  LLRF could be separated from the other controls, acting the control 
loop on components external to the cryomodule too (Klystron modulator).

- A design for the mechanics to hold (on a plug-in flange ?) is required.  
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BACK_UP
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Functional Block Diagram

Two evaluation boards are available for the AD9510: 
AD9510/PCB: Evaluation Board without VCO or VCXO or loop filter
AD9510-VCO/PCB: Evaluation Board with 245.76MHz VCXO, loop filter 

An Overview of the Clock Distribution/Generation Family is available. 

Specifications

Find Similar Products

1.2 GHz,Ultra-Low Jitter 
Clock Distribution IC w/ 
Dividers, PLL Core, 
Delay Adj. & 8 Outputs

prod_descrip

CMOS, LVDS, LVPECLOutput_Logic

64-LFCSPPkg

SerialI/O_Interface

0.25 AdditiveRandom_jitter_ps -rms

1.2GHzf-out_max

8Outputs

1.6GHzF-in_max

3.3V+Supply_V

PLL CoreOnChip_Multiplier

DistributionClk_func

Four independent 1.2 GHz LVPECL outputs
Additive output jitter , 225 fs RMS 
Four independent 800 MHz/250 MHz LVDS/CMOS outputs
Additive output jitter, 275 fs RMS Fine delay adjust on 2 outputs, 5-bit delay 

words 
Serial control port
Space-saving 64-lead LFCSP

Phase locked loop (PLL) Core
Reference input frequencies to 250 MHz Programmable   dual-modulus 

prescaler Programmable charge pump (CP) current Separate CP supply (VCP) 
extends tuning range 

Two 1.6 GHz, differential clock inputs
8 programmable dividers, 1 to 32, all integers
Phase select for output-to-output coarse delay adjust

The AD9510 provides a multi-output clock distribution function along with an on-chip PLL core. 
The design emphasizes low jitter and low phase noise in order to maximize data converter clocking.

AD9510 - 1.2 GHz Clock Distribution IC, PLL Core, 
Dividers, Delay Adjust, Eight Outputs 
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Signal converters layouts:
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XFP Chipset and Reference Design Simplify 10 Gbps Transceivers

Analog Devices introduces a 10 Gbps chipset that offers low power and the highest performance for receive sensitivity 
and transmit eye quality. Best in class jitter performance of the XFP signal conditioner increases robustness and minimizes
interoperability issues. The companion reference design simplifies evaluation and speeds time to market. The reference 
design includes XFP boards, Gerber files, microcontroller software, and a GUI interface.
Features
• 9.9 Gbps to 11.1 Gbps data rate
• DFB, FP, or VCSEL operation
• Exceeds 20% SONET optical eye margin over temperature
• -19 dBm receive sensitivity
• Unparalleled jitter performance
• Supports full digital diagnostics
• Reference design includes: Gerbers , SW, BOM, host board, and GUI interface ADN2525 Differential Active Backmatch LDD

• 9.9 Gbps to 10.7 Gbps
• DFB, FP, or VCSEL operation
• Superior optical eye margins
• SONET >20% over temperature
• Ethernet >40% over temperature
• 750 mW typ (laser + LDD) over temperature
• Active load improves impedance matching
• 3.3 V operation, 3 mm x 3 mm LFCSP

ADN2530 Differential Active Backmatch VCSEL Driver
• 9.9 Gbps to 10.7 Gbps
• 300 mW typ (laser + LDD) over temperature
• SONET eye margin exceeds 20%
• Crosspoint adjust feature
• Active load improves impedance matching
• 3.3 V operation, 3 mm x 3 mm LFCSP

ADN2821 ADPs and pins in standard low cost TO-46 cans
• -19 dBm sensitivity
• 700 nA integrated input noise
• 8.5 Gbps BW
• 3.3 V, 150 mW
• Supports APD or PIN diodes
• RSSI power meter
• 0.7 mm x 1.2 mm die size
• Samples in die or ROSA format

ADN2928 Family of XFP Signal Conditioners
• 9.9 Gbps to 11.1 Gbps
• Exceeds XFP requirements for jitter at OC-192
• Lowest jitter generation: 6 mUI rms jitter
• Highest jitter tolerance: 0.6 UI p-p @ 10 MHz
• Lowest jitter transfer: 2.0 MHz OC-192
• ADN2928 transceiver in 6 mm x 6 mm BGA
• ADN2927 / ADN2926 standalone transmit and receive functions in a 4 mm x 
4 mm LFCSP


